To assess the adaptation of the left ventricle to a chronic pressure overload we used echocardiography to study 18 patients with left ventricular hypertrophy caused by systemic arterial hypertension. Increased values for either posterior wall or interventricular septal thickness or both confirmed the presence of left ventricular hypertrophy in all patients and an increase in the average wall thickness to radius ratio was consistent with the development of concentric hypertrophy. No patient had clinical evidence of ischaemic heart disease. Ejection phase indices ofleft ventricular performance (mean Vcf,fractionalper cent of shortening, normalised posterior wall velocity, and ejection fraction) were within the normal range in the basal state in 16 of the 18 patients. The hypothesis is advanced that patients with concentric left ventricular hypertrophy resulting from systemic arterial hypertension usually have normal left ventricular performance in the basal state because valuesfor wall stress remain within the normal range. We conclude that the hypertrophic response to a chronic increase in systemic arterial pressure does not per se result in depression of the basal inotropic state of the left ventricle.
There is considerable controversy concerning myocardial performance in hypertrophied states. Data derived from in vitro and in vivo experiments as well as available information in human studies suggest that ventricular function is depressed as a result of hypertrophy (Spann et al., 1967 (Spann et al., , 1969 Bing et al., 1971; Frohlich et al., 1971; Spann et al., 1972; Gunning et al., 1973; Alpert et al., 1974; Mehmel et al., 1975) . However, more recent animal experiments suggest that performance is normal in the absence of overt congestive heart failure (Gamble et al., 1973; Malik et al., 1974; Pfeffer et al., 1976; Sasayama et al., 1976 Romhilt and Estes (1968) , by the vectorcardiographic criteria as described by Chou et al. (1974) with this method (Glover et al., 1973) . It has also left ventricular decompensation (pulmonary riles, been shown that x-ray evidence of cardiomegaly third heart sound) at the time of study. To obtain was present in only 5 of 112 patients with systemic this group of 18 patients who met criteria for inarterial hypertension who had evidence of left clusion into the study, 200 patients attending a ventricular hypertrophy by ultrasound methods hypertension clinic were carefully screened. (Drayer et al., 1976) . Echocardiograms were obtained in the basal state No patient had a history of previous myocardial using a Picker Ultrasonoscope employing a 2-25 infarction or angina pectoris, and none had an MHz transducer focused at 7-5 cm with a repetition intraventricular conduction defect or evidence of rate of 1000 impulses/s. The output signal was previous transmural myocardial infarction on the recorded on a Honeywell Visicorder Oscillograph electrocardiogram. Two patients (cases 16 and 18 in (model 1856) at a paper speed of either 50 or 100 the Table) had recently recovered from an episode mm/s. Echocardiograms were obtained with the of congestive heart failure associated with accele-subjects in the partial left lateral decubitus position. rated hypertension. No other patients had a history The ultrasound beam was directed so that simulof congestive heart failure and none had signs of taneous recordings of the endocardial surfaces of (Vpw) was derived by measuring posterior wall excursion in cm/s and dividing by the ejection time and the end-diastolic diameter (Quinones et al., 1974; Hirshleifer et al., 1975) . Ejection fraction was calculated as the ratio of stroke volume to enddiastolic volume using the method of Pombo et al. (1971) .
To substantiate further the presence of concentric left ventricular hypertrophy, the ratio of wall thickness to end-diastolic radius (hed/r) was calculated in each patient. It has previously been shown that an increase in this ratio occurs in the presence of concentric left ventricular hypertrophy (Grossman et al., 1975) .
Since accurate measurements of end-diastolic dimensions, wall thickness, and systemic diastolic pressure were available, these values were used for the estimation of left ventricular wall stress employing an ellipsoid model (Karliner et al., 1971b) . It has been reported by Ratshin et al. (1974) that this echocardiographic method of estimating wall stress correlates well with angiographic techniques.
Results the interventricular septum and the posterior left ventricular wall were obtained immediately below the plane of the free edges of the mitral valve (Hirshleifer et al., 1975) , (Figure) , using the 'standard interspace' method described by Popp et al. (1975) . No patient had paradoxical septal motion (Hagan et al., 1974) . The left ventricular internal dimension at end-diastole was measured at a point on the time motion scan coincident with the R wave of the electrocardiogram. The left ventricular internal dimension at end-systole was defined as the smallest distance separating the left ventricular endocardial surfaces even if the points of maximum excursion were not exactly opposed. The left ventricular ejection time was measured using a simultaneously obtained carotid arterial pulse tracing. Diastolic posterior left ventricular wall thickness and interventricular septal thickness were measured at the onset of the P wave and at the peak of the R wave.
For each patient calculations of ejection phase indices of left ventricular performance were derived using the average of the measurements from five beats in each instance. The mean normalised rate of internal diameter shortening (mean Vcf) was calculated by subtracting the end-systolic diameter from the end-diastolic diameter and dividing the result by the ejection time and the end-diastolic diameter (Karliner et al., 1971b Left ventricular posterior wall thickness measured at the onset of the P wave of the electrocardiogram averaged 14-6±0-6 (SE) mm. In 17 of 18 patients this value exceeded 11 mm, which is the upper limit of normal in our laboratory and is in agreement with previously published values (Feigenbaum, 1972; Henry et al., 1973) . Interventricular septal thickness measured at the onset of the P wave averaged 12-7±08 mm. This value exceeded the normal upper limit of 11 mm in 12 of 16 patients in whom it was measured. Similar results were obtained when wall thickness was measured at enddiastole (Table) Dodek et al. (1975) concluded that a substa proportion of patients with untreated hypertex had impaired left ventricular performance. In patients with aortic stenosis without heart failure, a depression in left ventricular 'contractility' as measured by isovolumic indices has been reported (Spann et al., 1969; Simon et al., 1970) . However, the accuracy of such measurements of left ventricular performance has recently been questioned . Since one of the adaptations to a chronic increase in afterload is an increase in muscle mass, i.e. an increase in the number of sarcomeres within cells (Bishop, 1971) , we have evaluated left ventricular performance using ejection phase indices normalised per unit of circumference. Such measures should detect basal depression of inotropic state after the adaptation to a chronic increase in afterload has occurred (Sasayama et al., 1976) .
EXPERIMENTAL STUDIES OF icular VENTRICULAR HYPERTROPHY value Although it is generally accepted that experiin 29 mentally induced chronic volume overload that atory does not result in overt congestive cardiac failure does not lead to a depression of left ventricular performance , there is considerable controversy concerning ventricular performance in experimentally induced chronic pressure overload. In studies using isolated papillary n the muscle preparations, it was concluded that the yper-induction of ventricular hypertrophy led to a depresa, the sion of the contractile state of the myocardium heart (Spann et al., 1967; Bing et al., 1971; Spann et al., ange. 1972; Gunning et al., 1973; Alpert et al., 1974) . In a Es for more recent study, however, Williams and Potter mrfor-(1974) showed that, while myocardial depression did :ently occur early (6 weeks) after pulmonary artery bandheart ing, the contractile state of papillary muscles re-1.
moved from cats that survived 24 weeks was normal. These investigators concluded that a depressed contractile state was not a fundamental characteristic of pressure-induced hypertrophy. Recent experiinical ments (Pfeffer and Frohlich, 1973; Malik et al., phied 1974; Sasayama et al., 1976) tend to support these ion is conclusions, and are in agreement with our own jects. observations in hypertensive patients with left rdio-ventricular hypertrophy. Thus, the majority of our con-patients were in the stable stage (Meerson stage II i by (Meerson, 1969) ) of hypertension which has been ohlich shown in the conscious dog with aortic constriction on in (Sasayama et al., 1976) as well as in the spontaneous-.ntri-ly hypertensive rat (Pfeffer et al., 1976 One explanation of why left ventricular performance was in the normal range in most of our patients with left ventricular hypertrophy is that a compensatory increase in wall thickness reduces wall stress and so permits the left ventricle to shorten against a relatively normal afterload. In 1960, Linzbach proposed that hypertrophy was a compensatory mechanism that increased until the force generated per cross-sectional unit of left ventricular wall returned to normal values. We used the available ultrasound measurements of end-diastolic dimentions, wall thickness, and systemic diastolic pressure to estimate left ventricular wall stress using an ellipsoid model (Karliner et al., 1971b) . In support of the use of these measurements to estimate wall stress, it should be pointed out that miniimal alterations in left ventricular dimensions occur during isovolumic systole (Karliner et al., 1971a) , and that we were unable to detect any significant alterations in wall thickness during isovolumic contractions by echocardiography. As indicated earlier, this echocardiographic method of estimating wall stress correlates well with angiocardiographic techniques (Ratshin et al., 1974) .
We are aware, however, that there are certain assumptions underlying such calculations of wall stress. The stresses calculated by the LaPlace formula or any of its variations represent mean values across the thickness of the wall. As Hood et al. (1968) have pointed out, the mean value underestimates maximal stress, which occurs toward the endocardial layers, and overestimates minimal stress, which occurs toward the epicardial layers. Moreover, it was not possible to estimate either enddiastolic or peak stress, since our study was The average ratio of wall thickness to end-diastolic radius (hed/r) was 0-56, which is almost identical to the value recently reported in patients with chronic pressure overload caused by aortic valvular stenosis (Grossman et al., 1975) . As indicated in the Results section, this value significantly exceeded average values in 29 normal subjects. Such an increase in hed/r is further evidence in favour of the presence of concentric left ventricular hypertrophy in our patients, and is characteristic of the adaptation of the left ventricular chamber to a chronic pressure overload (Levine et al., 1963; Grant et al., 1965; Simon et al., 1970) .
CONSIDERATION OF DRUG THERAPY
We recognise that at the time of study many of our patients were receiving drugs which could influence extracellular volume, peripheral resistance, and cardiac output, alone or in combination. Because of the clinical circumstances under which the study was conducted, however, it was not possible to withhold antihypertensive treatment. Nevertheless, inspection of the Table reveals that in the 3 patients who were receiving no treatment at the time of study, left ventricular performance was normal and values did not differ from the other treated patients with normal left ventricular function. Further, the one patient who was receiving propranolol, in whom some depression of cardiac function might have been expected, also had normal left ventricular performance. It should also be emphasised that despite anti-hypertensive treatment in the majority of patients, concentric hypertrophy was present in all.
RELATION OF SYSTEMIC ARTERIAL HYPERTENSION TO CARDIAC DECOMPENSATION
Finally, it is weU known that systemic arterial hypertension is a common cause of congestive cardiac failure. Our data are consistent with a recently advanced hypothesis that the heart with a sufficient basal level of contractility can compensate for a chronic pressure overload by hypertrophy to maintain a normal mean Vcf, i.e. normal mechanical performance per unit of circumference. However, when all reserve mechanisms, including hypertrophy and the Frank-Starling mechanism, are maximally used, a further increase in afterload may produce a 'mismatch' between afterload and contractility , and thus lead to congestive cardiac failure.
